It is my intention in this paper to indicate the fundamental principles followed by members of our special association formed to study internal fixation for recent fractures and for non-union of long bones.
Paper
Internal Fixation for Fresh Fractures and for Non-union by Maurice E Miffler MD (Kantonsspital, St Gallen, Switzerland) It is my intention in this paper to indicate the fundamental principles followed by members of our special association formed to study internal fixation for recent fractures and for non-union of long bones.
In a broken limb the fracture itself is only one part of the problem. With accurate reduction and a plaster cast most fractures will unite, but as a result the patient may develop what we call 'fracture-disease', i.e. stiffness of joints, circulatory disorder, chronic cedema and so on. Despite treatment, these complications delay convalescence and often leave some disability.
If we decide to treat a closed fracture by open reduction, we aim first at achieving meticulous reduction, which is the first essential in obtaining absolute fixation; secondly, we stabilize the fragments by a technique which abolishes all movement at the site of fracture.
It is well known that active movement helps to restore the function of the muscles and joints of an injured limb. In our opinion open treatment of a closed fracture is only justified when the stability of the fragments allows plaster splintage to be dispensed with and permits immediate mobilization of the limb. The stability of the fragments must be sufficient to prevent movement even of microscopic degree at the site of fracture until complete consolidation has occurred, and it must continue to be so rigid that painless active movement can be continued during the period of convalescence, without the risk of delayed consolidation or excessive caUlus formation.
We use two methods of internal fixation:
(1) Compression, obtained either by screws alone (particularly in ski-ing accidents), or by the use of plates and screws inserted while axial compressionis maintained by a special device. 25 (2) Intramedullary Kuntscher nailing, after reaming the medullary canal with a power-driven flexible reamer. This reamer has small terminal heads increasing in size by steps of 0 5 mm. It ensures a tight fit of the nail in the medullary canal of both fragments. I do not propose to discuss the details of this well-known technique here.
The Principle ofCompression Charnley (1961) has demonstrated that compression accelerates the union of cancellous bone, but before discussing whether compression speeds the union of cortical bone, as Danis (1949) has claimed, some other problems have to be considered.
(1) Why is it that some screws become loose and can be removed without a screwdriver only a few months after insertion? Lange's opinion (1962) is that this happens in every case, and Watson-Jones (1952) believes that the actual need for using a screw is an 'evil nacessity'. Wagner of Mtinster (1962) showed that, three months after the insertion of ordinary selftapping screws in dogs, only connective tissue could be distinguished between the threads of the screws.
We have now been able to show that a selftapping screw, when driven into thick cortical bone, reaches a temperature of more than 1800 F, so that bone cells may be killed by the heat and the organic matrix altered before the screw has been screwed home.
We have, therefore, designed a screw 4-5 mm in diameter with a serrated thread giving excellent holding power. The track for the screw is first made with a narrow drill, and then tapped out by hand.
Wagner ( 1962) has repeated his experiments with these new screws using the above technique. After three months they were just as well anchored in the bone as on the first day, and between the threads-only bone or newly formed bone could be detected, and osteophytes were found in close proximity to the metal. These A, reduction and temporary immobilization of the fracture with a circumferential wire loop. A guide isfixed on the bone in order to direct the drill. The proximal cortex is opened with a 4 5 mm drill. B, in this hole a drill guide is inserted. c, the distal cortex is opened with a 3 2 mm drill. D, the thread is cut in the distal cortex with a tap. E, a countersinker is used on the proximal drill-hole. F, insertion of a screw with good holding power as tightly as possible. The wire loop is now removed. At least three screws must be inserted, one ofthem at right angles to the shaft screws were inserted with a measured pressure of 10 kg, which results in a pressure on the threads of more than 50 kg per square centimetre.
(2) What happens if a screw is inserted under constant pressure? Will the bone which is under pressure be restored? Will the metal become loose? To answer these questions another experiment was carried: out, in which. a screw was driven through an epiphyseal plate of a young dog. There was no destruction of bone or osteolysis. On the contrary, the result was new bone formation, very much as Charnley (1961) has demonstrated after submitting cancellous bone to pressure. Histology shows a denser formation of bone lamelle on the pressure side than on the neutral side of the thread. The bone lamellse orientate themselves at right angles to the side of the thread exerting pressure.
(3) How can screws be used to fix a fracture efficiently?
If we simply drill a hole through the two bone fragments, the screw can be inserted with great force without obtaining the least reduction of the gap between the fragments. In order to obtain coaptation of the fragments, the proximal cortex must be drilled out to the outside diameter of the screw. The distal cortex is then perforated with a smaller drill and a thread is cut by hand. This technique ensures powerful compression between the fragnents, and this is the essential principle underlying the use of compression screws.
The actual technique is illustrated in Fig 1. A guide is fixed to the. bone to determine the direction of the screw (Fig 1A) , and the proximal cortex is traversed by the large drill. A smaller guide is now inserted into this hole and through it a small hole is drilled.in .the opposite cortex . IB, C). The thread is then cut by hand and the proximal cortex is countersunk to take the head of the screw, which is inserted as tightly as possible ( Fig 1D, E, F).
(4) How long does this compression hold?
If it has a destructive effect on the bone, as Watson-Jones (1952) maintains, or if at every fracture site there is a zone of resorption of 1-3 mm, as postulated by Bohler (1954) then compression must soon disappear. The evidence for this, however, is questionable. For example, the tibia shown in Fig 2 was screwed. After twenty weeks the fracture lines disappeared, and this is confirmed by the tomogram. No resorption zone can be detected in the radiographs, and we may speak of 'primary bone healing' without any visible periosteal or endosteal callus formation.
I have carried out experiments on the pig to study the viability of the fracture bone ends, thus repeating Bassett's (1962) studies on the dog. A hole, measuring 20 x 5 mm, was made in the radius in order to study what happens when the periosteum and the endosteum are excluded from the defect. Following Bassett's technique, we cut vertical slits on either side of the defect, and introduced a film of Millipore which was held in position by two circumferential wires. Millipore is a membrane which is impermeable to cells but permeable to protein particles. After thirty days no necrosis of cortical bone and no damage to bone cells could be detected. The old haversian canal systems blended into the new ones, and there was no gap between the old bone and the new, granulation tissue being visible only at some distance from the bone. This process of healing of cortical bone without the aid of the periosteum or endosteum is what we call 'primary bone healing'.
In a series of 188 fractures of the tibia treated in the same hospital and stabilized by compression screws or compression plates, we were able to obtain primary bone healing in more than 70 % of the cases without visible external or internal callus. If the fixation is absolute no excessive callus formation occurs. None of these patients developed Sudeck's dystrophyor vasculardisorder.
No external support except a below-knee weightrelieving caliper was used in any of these cases.
Screws, however, are indicated only if the fracture line is at least twice as long as the width of the shaft. Some types of femoral and tibial fractures are better suited for Kuntscher nailing. But there are some situations where the use of an adequate plate seems the best solution. Danis (1949) has reported marvellous results in fore-arm fractures treated with his compression plate, where he combined rigid fixation with axial compression. Hicks (1959) and the Birmingham school increased the size of their plates to obtain rigid fixation of the fracture; but considerations of bulk and the need to close the wound set a limit to the ever-increasing size of a plate. This was the reason why they had difficulty in designing a plate sufficiently strong to secure rigid internal fixation of the femur.
Up to the present we have been unable to prove that compression in fractures of the shaft actually stimulates union, but we are sure that compression improves stability. By its mechanism the Danis plate often gives insufficient compression and we therefore use a device which exerts high compression, so as to impact the bone fragments with a force of 40-60 kg. This has been confirmed in experiments on the dog.
Experimental non-union was obtained in the radius of the dog by a transverse osteotomy and interposition of a silastic membrane. For three months the animal limped on three legs, but two days after internal fixation with a small compression plate he was running about on all four. It was not even necessary to freshen the bone ends.
The ununited fracture healed in five mo,pths despite full weight-bearing withput -any splinting after the second post-operative day. On removal of the plate we found that the screws had not lost their hold in the least.
The technique of fixation with a pressure plate is shown in Fig 3. The plate is first fixed to one of the fragments with screws. A compression device, attached to the other end, of the plate, allows powerful compression with the. aid of a cardan wrench. The compression device is discarded when the screws have been inserted into the second fragment. One of our patients, who had a fracture of both bones of the forearm, was able to play the piano twelve days after insertion of compression plates.
A few surgeons, however, were nqt convinced.
They thought that the pressure betwpen the fragments would decrease very rapidly. For this reason we tried to measure the compression during the healing process every day for three months. After an osteotomy of the metatarsus of a sheep, the fragments were fixed with a ferromagnetic plate under a pressure of 40 kg. Before starting this experiment the ferromagnetic plate had been placed in a magnetic coil and submitted to traction. The residual magnetism was determined and a curve was plotted to show the relationship between the traction force and the magnetism. In order to measure the remaining magnetism of the plate the leg of the sheep was placed in a suitable magnetic field every day. From this experiment it would appear that the pressure does not diminish, but rather tends to increase during the weeks following operation. (4) drilled 20 mm away from the end of the plate. The thread of this is also cut with a tap. B, the hook of the compression device (5) is inserted in a small horizontal hole in the end of the plate and the device fixed to the bone with ascrew. Thetightening screw ofthecompression device is carefully turned with a cardan wrench (6). This gives heavy compression of thefracture site and impaction of the fragments. c, when the reduction is perfect and the fixation absolutely rigid, tapped holes are prepared and he screws introduced. The compression device is now discarded and the last screw inserted.
(Reproducedfrom Muiller, 1961, by kindpermission)
But the technical difficulties of the method of measurement do not permit any definite conclusions at this early stage.
A single plate, however, is sufficient for stabilization only in the upper extremity. In the lower limb the fragment must be fixed under compression with supplementary screws inserted at a right angle to the plate, or with two plates for the femur. For the proximal and distal ends of the femur we prefer a right-angled blade-plate fixed under compression. followed up all the 4,000 fractures recorded by our group. I have, however, followed up more than 100 cases of non-union and pseudarthrosis referred to my clinic. In all of these union was obtained in a few months by the compression method. All these cases were treated without removal of interposed scar tissue or sclerotic bone surfaces, without bone grafts and without postoperative external support. In all cases the patients began active mobilization of the joints in the first eight post-operative days. An example is shown in Fig 4. Intramedullary Nailing The Kuintscher nail is particularly suitable for shaft fractures of the femur or of the tibia (Fig 5) and it is also a good alternative for the treatment of non-union of these bones. In allcases weenlarge the medullary cavity with a flexible reamer in order to obtain stable fixation and to prevent any rotation movement at the fracture site. Pitzen wrote in 1952 that an ununited fracture requires for healing as many months as a fresh fracture requires weeks. Considering our examples given here, the progress brought about by rigid fixation under compression or with the large nail of Kuntscher is impressive. Internal fixation is a difficult technique. The operator should be properly trained and asepsis must be rigid. We join the defenders of conservative treatment and must give warning of the abuse of a technique which, in inexperienced hands, can lead to the most unhappy results. Cases of ununited fractures and infected fractures after internal fixation are transferred week after week to our hospital, but frank criticism of the indications and of the techniques that have been employed always leads to the conclusion that the blame lies on the operator, not on the method. Watson-Jones R (1952) The most dangerous aspect of the present vogue for internal fixation is its tendency to produce enthusiasts who would fix everything on principle. This totalitarian approach is fundamentally misconceivedevery fracture is an individual problemi, and the decision to treat it by internal fixation, or indeed conservatively, should be based on a realistic assessment of the advantages and hazards of each method in the cimumstances of that particular case. This calls for a high degree of clinical judgment, which is harder to acquire, or to impart, than technical virtuosity in the operating theatre. In the last five years, this individual approach has-led me to adopt internal fixation in 23 % of 1,414 fractures of long bones in patients over the age of 18, distributed as follows: shaft of femur, 78 out of 235 cases (30%); hurus, 12 in 123 (10%); radius and ulna, 98 in 323 (30%Y.); fracturedislocation of the ankle, 128 in 198 (64%); but in the tibia, only 13 out of 535 (2n4%). This conservative approach to the fractured tibia is based on four main considerations:
(1) The results of conservative treatment are so good that it is difficult to imagine they could be improved by routine internal fixation. This is based on a recent analysis of 600 consecutive cases, carried out as a forwardly planned research in conjunction with a group of surgeons in South Africa, in which the documentation is both comprehensive and meticulous. There is certainly no evidence that conservative treatment, properly supervised, inevitably produces stiffJoints, and to advocate rigid internal fixation with imnmediate joint movement in order to obviate this is to incur a real hazard in order to avoid a hypothetical one.
(2) There is rarely any difficulty in obtaining satisfactory reduction, and if this is unstable it can easily be controlled by pins through the os calcis and the crest of the tibia incorporated in the plaster. The patients are, of course, out of hospital in a day or two.
(3) The most difficult cases with severe contaminated wounds and devitalized skin cannot be treated by internal fixation -at least not safely. So if the worst cases must be treated conservatively and the straightforward ones yield such good results on conservative treatment, the indications for primary internal fixation are naturally restricted.
(4) When internal fixation does go wrong in the tibia it goes very badly wrong. It is a subcutaneous bone and its very accessibility is often its undoing. In the modern type of injury by gross direct A~~~~~~~~BC Fig I A, eight months after the sixth attempt at grafting in ten years. It failed when the plate broke andfixation was lost. B, rigidfixation with a special plate. No graft and no compression. No further donor sites were available. c, two years later. This case proves beyond all doubt that rigid fixation is the most important single objective in non-union violence, the vascular damage to the skin cannot always be assessed in the first few days, and if primary healing fails to occur, real trouble is in store.
In the treatment of non-union, I believe that rigid internal fixation is the most important single objective. The type of graft used and its method of application are secondary in importance -indeed one of the outstanding advances of recent years has been to show that rigid fixation alone can succeed in the complete absence of grafts. In an analysis of cases in which operations for non-union had failed, inadequate fixation was a constant factor. I do not agree, however, that interfragmentary compression exerts any osteogenetic stimulus in its own right. It is of value only in so far as it increases the rigidity of the fixation. It is impossible to separate interfragmentary compression as a factor because it always implies rigid fixation, but it is possible to isolate rigid fixation as a factor. I have done this in several difficult cases in which no graft was used, nothing was resected and no compression was applied ( Fig 1A, B, C) .
Finally, I would stress that the normal method of union in cortical fractures is by circumferential callus and I would doubt the wisdom of any method of treatment which achieved 'primary bone union' by deliberately suppressing the role of the periosteum. This has been nature's method for millions of years and it should surely be encouraged in fresh fractures. In established nonunion, the position is entirely different in that the periosteum has already exhausted itself. Rigid intemal fixation is then doing what the periosteum has tried and failed to do, and once absolute rigidity of the fracture has been secured, natural processes will convert the fibrous tissue between the fragments into bone. These are the same biological processes that cause union between the main fragrnents in a fresh fracture. once rigidity has been achieved by periosteal callus.
